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Abstract 
7KHHQHUJ\DQGUHVRXUFHHIILFLHQWPDQXIDFWXUHRIFRQVXPSWLRQDQGLQYHVWPHQWSURGXFWVLVEHFRPLQJDFRPSHWLWLYHDGYDQWDJHDQGFRPSDQLHV
DUHLQFUHDVLQJO\LQWHUHVWHGLQRSWLPDOPDFKLQHGHVLJQDQGSURFHVVRSHUDWLRQ,QWKLVFRQWULEXWLRQDQDQDO\WLFDOGHVFULSWLRQRIWKHPLOOLQJSURFHVV
KDV EHHQ GHULYHG RQ EDVLV RI DQ H[WHQVLYH H[SHULPHQWDO SRZHU DQG UHVRXUFHV FRQVXPSWLRQ DQDO\VLV 8VLQJ WKH GLVFUHWH HYHQWV PRGHOLQJ
DSSURDFK D SDUDPHWHUL]HG SURFHVV PRGHO IRU PLOOLQJ KDV EHHQ GHYHORSHG 7KH FDOFXODWLRQ RI WKH UHVRXUFHV FRQVXPSWLRQ RI DOO PDFKLQH
FRPSRQHQWV RU SURFHVV RSHUDWLRQV LV FRQWUROOHG E\ 1& FRGHV DQG DOORZV IRU WLPHGHSHQGHG FRQVXPSWLRQ SURILOHV )RU WKH FRQVXPSWLRQ
RSWLPL]DWLRQWKHUHVRXUFHVHQHUJ\WRROZHDUFRRODQWPDWHULDOUHPRYDOYROXPHDQGRSHUDWLRQWLPHDUHFRQVLGHUHGHLWKHUIRUVLQJOHRUFRPELQHG
UHVRXUFHVPLQLPL]DWLRQ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI7KH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWKH³WK&RQIHUHQFHRQ0RGHOOLQJRI0DFKLQLQJ2SHUDWLRQV´
.H\ZRUGV(QHUJ\HIILFLHQF\0RGHOOLQJ0LOOLQJ:HDU&RROLQJ$OJRULWKP
1. Introduction 
7KHFRQVXPSWLRQRIHQHUJ\DQGRWKHUWHFKQLFDOO\LPSRUWDQW
UHVRXUFHV OLNH HJ LURQ DQG UDUHHDUWK HOHPHQWV LV QRW RQO\
LQFUHDVLQJ LQ WKH LQGXVWULDOL]HG DQG GHYHORSLQJ FRXQWULHV EXW
ZRUOGZLGHDVDZKROH6LQFHNQRZQUHVRXUFHVDUHOLPLWHGDQG
QHZFDQRIWHQRQO\EHIRXQGDQGPDGHDYDLODEOHE\ODUJHDQG
ULVN\ LQYHVWPHQWV WKH SULFHV IRU WKHVH UHVRXUFHV DUH
FRQWLQXRXVO\ ULVLQJ RQ D ORQJWHUP SHUVSHFWLYH /LPLWHG
UHVRXUFHV DQG LQFUHDVLQJ HQYLURQPHQWDO SROOXWLRQ GULYH QRW
RQO\VLQJOHLQGXVWU\VHFWRUVEXWZKROHHFRQRPLHVDQGVRFLHWLHV
WR IRVWHU VXVWDLQDEOH PDQXIDFWXUH DQG SURGXFWLRQ HJ E\ WKH
UHGXFWLRQRIHQHUJ\FRQVXPSWLRQDQGE\GHYHORSLQJUHVRXUFH
HIILFLHQWPDFKLQHVDQGSURFHVVHVDVZHOO
7KHUH KDYH EHHQ YDULRXV DQDO\VHV WDUJHWLQJ RQ WKH HQHUJ\
DQG UHVRXUFH FRQVXPSWLRQ RI VLQJOH SURFHVVHV FRQVLGHULQJ
EHVLGHVHQHUJ\SDUWLDOO\WRROZHDUPDWHULDOUHPRYDODQGWRWDO
PDQXIDFWXULQJFRVWV>@DVZHOODV+HOXHWDO>@DQG2KDUD
HWDO>@H[SDQGHGWKLVYLHZE\GLVFXVVLQJWKHSURGXFWTXDOLW\
RIWXUQHGSDUWVDQGVKHHWPHWDOUHODWLYHWRHQHUJ\DQGUHVRXUFH
FRQVXPSWLRQE\WKHXVHGIDFLOLW\)LYHGLIIHUHQWOHYHOVRUILHOGV
RI HQHUJ\ DQG UHVRXUFH HIILFLHQF\ DQDO\VLV LQ PDQXIDFWXULQJ
ZHUHLGHQWLILHGE\'XIORXHWDOUHDFKLQJIURPWKHXQLWSURFHVV
OHYHORYHUPXOWLSOHSURFHVVHVWRWKHPXOWLSOHIDFWRU\OHYHO>@
6LQFHWKHHQHUJ\DQGUHVRXUFHFRQVXPSWLRQGXULQJLGOLQJFDQ
EH VXEVWDQWLDO XWLOL]DWLRQ WLPH DQG MRE VFKHGXOLQJ FDQ EH RI
LPSRUWDQFH IRU WKH WRWDO HQHUJ\ PDQDJHPHQW DQG UHVRXUFH
SODQQLQJRQD IDFWRU\ OHYHO >@)RU WKLV WKHPHDVXUHPHQWVRI
HJSRZHUSURILOHVRI WKHGLIIHUHQWVWDWHVRIPDFKLQH WRROVRU
SURFHVVHV DOVR IRU SDUDPHWHUYDULDWLRQV DV UHSRUWHGE\/L HW
DO>@DQG/DUHNHWDO>@IRUWXUQLQJFDQEHDJRRGEDVLVIRU
GHWHUPLQLQJ WKH UHTXLUHG GDWD IRU SDUDPHWHUL]LQJ D PRGHO
'LHWPDLU HW DO GHVFULEH WKH HQHUJ\ FRQVXPSWLRQ E\PDFKLQH
WRRO FRPSRQHQWV DW GLIIHUHQW FRQWURO VWDWHV RI D PLOOLQJ
PDFKLQH WRROZKLFK LV XVHG IRU GHULYLQJ SRZHU SURILOHV RYHU
WLPH LH HQHUJ\ FRQVXPSWLRQ IRU D VHTXHQFH RI GLVFUHWH
PDFKLQH WRRO FRQWURO VWDWHV PRGHOLQJ D PLOOLQJ SURFHVV ZLWK
VHYHUDORSHUDWLRQV>@)RUDIOH[LEOHPDQXIDFWXULQJSURJUDP
GHSHQGHQW GHVLJQ RI HIILFLHQW PDQXIDFWXULQJ SURFHVVHV D
SDUDPHWHUL]HGGHVFULSWLRQLVQHHGHGZKLFKLVRQWKHRQHKDQG
GHWDLOHG HQRXJK WR FDSWXUH DOO VLJQLILFDQW UHVRXUFHV EXW IDVW
HQRXJK WR DOORZ IRU PXOWLSOH SURFHVVHV RU HYHQ DOWHUQDWLYH
PDQXIDFWXULQJ FKDLQ DQDO\VLV LQ D VKRUW WLPH 7KH PRGHOLQJ
VKRXOGFRQVLGHUQRWRQO\ORDGFRQGLWLRQVRIRQO\RQHVSHFLILF
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WDVNEXWEHLQJDSSOLFDEOHIRUDSURGXFWSRUWIROLR1RQDNDHWDO
UHSRUWRQDPRUHFRPSOH[DSSURDFKIRUDQXPHULFDOJHQHUDWLRQ
RIDOWHUQDWLYHSURFHVVSODQV IRUD'SDUWE\PD[LPL]LQJ WKH
ZRUNVKRS WKURXJKSXW DQG GHULYLQJ PDQXIDFWXULQJ SODQ
SRUWIROLRV >@ +DJHQGRUI >@ DQG +HUUPDQQ HW DO >@
GHVFULEH PRGHOLQJ DSSURDFKHV IRU JHQHUDO SURGXFWLRQ
SURFHVVHVEDVHGRQGLVFUHWHHYHQWVRISURFHVVVWDWHVWKDWDOORZ
IRU HQHUJ\ DQG UHVRXUFH FRQVXPSWLRQ FDOFXODWLRQV ,Q WKH
SUHVHQW FRQWULEXWLRQ WKH GLVFUHWH HYHQW DSSURDFK E\ /DUHN HW
DO >@XVHGIRUPRGHOLQJ WXUQLQJRSHUDWLRQV LVH[SDQGHG WRD
IDFH PLOOLQJ SURFHVV )RU WKH SDUDPHWHUL]DWLRQ PLOOLQJ
H[SHULPHQWVZHUHFDUULHGRXWDQG WKHFRQVXPSWLRQRIHQHUJ\
DQGRWKHUUHVRXUFHVZHUHPHDVXUHG
2. Experimental analysis 
7KH PLOOLQJ H[SHULPHQWV ZHUH FDUULHG RXW XVLQJ D IDFH
PLOOLQJFXWWHUZLWKDQRXWHUGLDPHWHURIPPDQG7L$O1
FRDWHGKDUGPHWDOFXWWLQJLQVHUWVZLWKDFXWWLQJHGJHDQJOHRI
 D UDNH DQJOHRI  FOHDUDQFH DQJOHRI  DQG D FRUQHU
UDGLXV RI PP FI )LJXUH $V ZRUNSLHFH PDWHULDOV
WHPSHUHG VWHHO  &U0R DQG FDVH KDUGHQLQJ VWHHO
 0Q&U ZHUH FKRVHQ DQG WKH PDWHULDO UHPRYDO
ZDVGRQH LQGU\PDFKLQLQJPRGHZLWKDFHQWHUHG WRRODQGD
FRQWDFWZLGWKRIPP7KHFXWWLQJVSHHGVYFZHUH
DQGPPLQWKHGHSWKRIFXWDSDQGPPDQGWKH
IHHGSHUFXWWLQJHGJHI]DQGPP

)LJDIDFHPLOOFXWWHUEFRQWDFWFRQGLWLRQVGXULQJIDFHPLOOLQJ
ZRUNSLHFHZLGWK PP
'XULQJWKHPLOOLQJSURFHVVWKHFXWWLQJIRUFHVZHUHUHFRUGHG
DQG WKH WRWDO SRZHU FRQVXPSWLRQ RI WKH PDFKLQH WRRO ZDV
PHDVXUHG XVLQJ D SKDVH HOHFWULFDO SRZHU DQDO\]HU ZLWK
+] UHFRUGLQJ IUHTXHQF\ )LJXUH VKRZV D W\SLFDO SRZHU
SURILOH IRU WKH HPSOR\HG D[LV PLOOLQJ PDFKLQH WRRO IRU
VHYHUDOD[LVPRWLRQVDQGPLOOLQJRSHUDWLRQVDILUVWURXJKLQJ
DQG D VHFRQG ILQH FXW 7KH EDVLF ORDG 3EDVLF RI WKH UHDG\WR
RSHUDWHPDFKLQH WRRO LVDOUHDG\DVKLJK DVN:$[LVDQG
VSLQGOH DFFHOHUDWLRQV JHQHUDWH UHODWLYHO\ VKDUS VSLNHV LQ WKH
SRZHUSURILOH$FFHOHUDWLQJWKHVSLQGOHWRWKHRSHUDWLRQVSHHG
RI USP YF   PPLQ FDXVHV WKH ILUVW ODUJHU SRZHU
VSLNH YHU\ OHIW RI )LJ EXW NHHSLQJ WKH VSHHG EHWZHHQ
FXWWLQJ HQJDJHPHQWV LH GXULQJ LGOLQJ UHTXLUHV UDWKHU OLWWOH
SRZHUVXEWUDFWHGE\WKHEDVLFORDG7KHVHFRQGVSLNHUHVXOWV
IURPWXUQLQJ WKHZRUNSLHFH WR WKHKRUL]RQWDOVSLQGOHE\ D%
D[LV WKHWKLUGDQGIRXUWKIURPUDSLGIHHGPRWLRQVRIDOLQHDU
[D[LVGULYHWRSRVLWLRQWKHFXWWHUIRUWKHILUVWDQGVHFRQGFXW
7KH URXJKLQJ RSHUDWLRQ I] PP LV FDUULHG RXW LQ
RUGHU WR SURYLGH FRQVWDQW FXWWLQJ FRQGLWLRQV IRU WKH VHFRQG
ILQH FXWWLQJ RSHUDWLRQ ZKLFK LV XVHG ODWHU IRU WKH PRGHO
SDUDPHWHUL]DWLRQIRUWKHJLYHQSDUDPHWHUVHW

)LJ3RZHUSURILOHIRUIDFHPLOOLQJVWHHOUHFRUGHGRQDD[LV
PLOOLQJPDFKLQHWRRO
3. Modeling approaches 
 'HVFULSWLRQIRUHQHUJ\DQGUHVRXUFHFRQVXPSWLRQV
7RWDOFXWWLQJSRZHU
7KHQXPEHURIH[SHULPHQWVIRUSDUDPHWHUL]DWLRQRISURFHVV
PRGHOV FDQ EH NHSW VPDOO LI HQJLQHHULQJ GDWD DQG SK\VLFDO
SULQFLSDOVFDQEHDSSOLHG)RUWKHGHWHUPLQDWLRQRIWKHSURFHVV
UHODWHGPHFKDQLFDO FXWWLQJ SRZHU LQ WXUQLQJ LW LV SRVVLEOH WR
WDNH DGYDQWDJH RI WKH ZHOOHVWDEOLVKHG HTXDWLRQV IRU WKH
PDWHULDOVSHFLILFFXWWLQJIRUFHGHULYHGE\.LHQ]OHDQG9LFWRU
XVLQJ GDWD DYDLODEOH LQ OLWHUDWXUH :HLOHQPDQQ >@ DGDSWHG
WKH HTXDWLRQV WR WKH PLOOLQJ SURFHVV E\ FRQVLGHULQJ WKH
LQWHUUXSWHG FXWWLQJ FRQGLWLRQ DV ZHOO DV WKH YDU\LQJ QRPLQDO
DUHD RI FXW DQG IHHG +HUHLQ WKH DYHUDJH FXWWLQJ IRUFH )FP
UHVXOWV IURP WKH SURGXFW RI WKH IRUFH SHU WRRWK)FP] DQG WKH
QXPEHU RI FXWWLQJ HGJHV LQ FRQWDFW ]L (  ZKHUH MV LV WKH
FRQWDFWDQJOHDQG]WKHQXPEHURIWKHPRXQWHGFXWWLQJLQVHUWV

ܨ௖௠ ൌ ܨ௖௠௭ כ ݖ௜ாLQ1ZLWKݖ௜ா ൌ ఝೞכ௭ଷ଺଴ι 
ܨ௖௠௭ ൌ ܾ݄௠݇௖ܭఊ଴ܭ௩ܭ௩௘௥ܭ௅௨௕ LQ1
ZLWK݄௠ ൌ ଷ଺଴ιగఝೞ  ௭݂  ߢ௥
௔೐
஽ LQPPD
7KH FXWWLQJ IRUFH SHU XQLW HGJH LV FDOFXODWHG DQDORJ WR
WXUQLQJ DV D SURGXFW RI WKH VSHFLILF FXWWLQJ IRUFH NF DQG WKH
DYHUDJH DUHD RI FXW EKP DQG VHYHUDO FRUUHFWLRQ IDFWRUV
DFFRUGLQJ WR >@ UHVSHFWLYHO\ >@ $FFRUGLQJ WR 6PHMNDO
>@ WKH DYHUDJH XQFXW FKLS KHLJKW KP FRQVLGHUV WKH YDU\LQJ
KHLJKWRYHUURWDWLRQDQJOHMFI ILJZKLFKGHSHQGVRQWKH
IHHG SHU WRRWK I] DQG WKH VSHFLILF FRQWDFW FRQGLWLRQV 7KH
FXWWLQJSRZHU3FFDQEHFDOFXODWHGE\

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7DEOH&XWWLQJIRUFHSDUDPHWHUDQGFRUUHFWLRQIDFWRUVIRUVWHHOJUDGH
>@DGMXVWHGE\H[S
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
.JUDNHDQJOH >@ ܭఊ଴ ൌ ͳ െ ሺʹͲι െ ͸ιሻ͸͸Ǥ͹ι ൌ ͲǤ͹ͻ

7KHPHDVXUHGFXWWLQJIRUFHFRPSRQHQWVZHUHFRPSDUHGWR
WKH FDOFXODWHG IRUFH)FP6LQFH7L$O1 FRDWHG FXWWLQJ LQVHUWV
VKRZ ORZHU IULFWLRQ WKDQFRQYHQWLRQDO WRROV LWVFXWWLQJ IRUFH
UHGXFLQJ HIIHFW HYHQ GXULQJ GU\ FXWWLQJ ZDV FRQVLGHUHG LQ
IDFWRU./XEEDVHGRQH[SHULPHQWDO UHVXOWV7KHFXWWLQJ IRUFHV
IRU VWHHO JUDGH  DFFRUGLQJ WR .LHQ]OH DQG 9LFWRU DUH
YHU\ FORVH WR WKH YDOXHV E\ :HLOHQPDQQ ZLWKLQ  7KH
WRWDO PLOOLQJ PDFKLQH WRRO SRZHU FRQVLGHULQJ:HLOHQPDQQ¶V
DSSURDFK3:HLOGXULQJRSHUDWLRQFDQEHFDOFXODWHGDV

௧ܲ௢௧ ൌ  ௕ܲ௔௦௜௖ ൅ ௜ܲௗ௟௜௡௚ ൅ ௉೎ǡೈ೐೔೗ఎೄ೛೔೙೏೗೐כఎ೏ೝ೔ೡ೐ೞLQ:

௜ܲௗ௟௜௡௚ ൌ ͲǤͳͻͶ כ ݊ ൅ ͶͺǤʹ͹ʹLQ:
ZLWKQUSP

7KH EDVLF SRZHU IRU WKH UHDG\WRRSHUDWH PDFKLQH
FRQVLGHUVDOODX[LOLDU\HTXLSPHQWDQGZDVGLUHFWO\WDNHQIURP
WKH PHDVXUHG SRZHU SURILOH LQ )LJ 7KH LGOLQJ SRZHU
FRQVLGHUVWKHUXQQLQJVSLQGOHIRUZKLFKDUHJUHVVLRQIXQFWLRQ
ZDVILWWHG
)RUWKHGHWHUPLQDWLRQRIK6SLQGOHDQGKGULYHVSRZHUPHDVXUH
PHQWV IRU WKH ZKROH PDFKLQH WRRO DV ZHOO DV DW WKH VSLQGOH
ZHUH FDUULHG RXW K6SLQGOH LV FDOFXODWHG DV UDWLR RI WKH ORDG
GHSHQGHQWPHFKDQLFDOSRZHUDFFRUGLQJWR:HLOHQPDQQ3:HLO
WR WKH QHFHVVDU\ DGGLWLRQDO HOHFWULFDO SRZHU GXULQJ FXWWLQJ
ZLWKRXWWKHORDGLQGHSHQGHQWSRZHUGXULQJLGOLQJKGULYHVFRQ
VLGHUV WKH XVHG VSLQGOH SRZHU DV HIIHFWLYH SRZHU GLYLGHG E\
WKH WRWDO SRZHU VXEWUDFWHG E\ WKH SRZHU DOUHDG\ GHWHUPLQHG
IRU WKH DX[LOLDU\ HTXLSPHQW 3EDVLF ZKLFK UHSUHVHQWV WKH
RSHUDWLRQ UHVSHFWLYHO\ ORDGGHSHQGHQW HQHUJ\ FRQVXPSWLRQ
E\WKHPDFKLQHGULYHVDQGWKHVSLQGOH

ߟௌ௣௜௡ௗ௟௘ ൌ  ௉೎ǡೈ೐೔೗ሺ௉ೞ೛೔೙೏೗೐ି௉೔೏೗೔೙೒ሻ 

ߟௗ௥௜௩௘௦ ൌ  ௉ೞ೛೔೙೏೗೐ሺ௉೟೚೟ି௉್ೌೞ೔೎ሻ 

)LJVKRZVDFRPSDULVRQRIWKHPHDVXUHGWRWDOSRZHU3WRW
DQGWKHFDOFXODWHGSRZHU3F:HLOHTXVLQJWKHFXWWLQJIRUFH
DFFRUGLQJWR:HLOHQPDQQIRUVWHHOJUDGH7KHDYHUDJH
GHYLDWLRQ EHWZHHQ WKH FDOFXODWHG DQG WKHPHDVXUHG SRZHU LV
IRUWKLVVWHHOJUDGHDERXW

)XUWKHUUHVRXUFHV
'HVSLWH WKDW QR YLVLEOH ZHDU ZDV IRXQG DW WKH 7L$O1
FXWWLQJ LQVHUWVGXULQJ WKHFXWWLQJH[SHULPHQWV WRROZHDUZDV
GHILQHGDVDQHTXLYDOHQWRIWKHUDWLRRIFXWWLQJWLPHWF WRWRRO
OLIH7DFFRUGLQJWRWKHIROORZLQJHTXDWLRQE\>@

ܶ ൌ ܣଵݒ௖஺మ ௭݂஺యܽ௣஺ర ቀ௭஽ቁ
஺ఱ ቀ௔೐஽ ቁ
஺లLQ>PLQ@

)LJ&DOFXODWHGDQGPHDVXUHGSRZHUIRUIDFHPLOOLQJVWHHOJUDGHRQ
DD[LVPDFKLQHWRRO
&RRODQWDQGOXEULFDWLRQORVVGLGQRWRFFXUGXHWRGU\FXWWLQJ
EXW WKHPDWHULDO UHPRYDO YROXPH ZDV FDOFXODWHG RQ EDVLV RI
WKH PDWHULDO UHPRYDO UDWH LQ RUGHU WR DOORZ IRU GLIIHUHQW
PDWHULDO UHPRYDO VWUDWHJLHV DOORZDQFHV DQG GLIIHUHQW
ZRUNSLHFHV
 3URFHVVGHVFULSWLRQ
6LQFHWKHPRGHOLQJRIWKHPLOOLQJSURFHVVVKDOOEHGRQHE\
GLVFUHWHHYHQWV LW LVQHFHVVDU\ WR OD\GRZQ WKH VWUXFWXUHDQG
LQWHUGHSHQGHQFLHV RI SURFHVV FRQWURO HYHQWV UHVSHFWLYHO\
PDFKLQHWRROVWDWHVIRUZKLFKFKDQJHVRISRZHUDQGUHVRXUFH
FRQVXPSWLRQFDQRFFXU
)LJ VKRZV WKH VWUXFWXUH RI PDFKLQH VWDWHV DQG WKHLU
GHSHQGHQFLHV IRU WKH HPSOR\HG PDFKLQH WRRO DQG PLOOLQJ
RSHUDWLRQ QRW DOO IXQFWLRQDOLW\ LV XVHG ZKLFK FDXVH SRZHU
FKDQJHVDQGUHVRXUFHVFRQVXPSWLRQWKDWDUHHLWKHUVWDWLFHJ
EDVLFORDGRUORDGGHSHQGHQW
 0RGHOLQJDSSURDFKHV
7KH PRGHOLQJ LV GRQH E\0$7/$%6LPX/LQN XVLQJ WKH
'LVFUHWH (YHQWV WRROER[ 6LPX/LQN DOORZV WR GHVLJQ
KLHUDUFKLFDO FRQWURO VWUXFWXUHVXVLQJEORFNGLDJUDPV DQG WKH
WRROER[ LVSDUWLFXODUO\GHVLJQHG IRUPRGHOLQJGLVFUHWHHYHQWV
VXFK DV LQ SURGXFWLRQ HQJLQHHULQJ 7KH JHQHUDO FDOFXODWLRQ
VFKHPH LV VNHWFKHG RXW LQ )LJ $W WKH ERWWRP D QRW\HW
WUHDWHG ZRUNSLHFH HQWLW\ ZKLFK LV LQ IDFW D GDWD ILOH ZLWK
LQIRUPDWLRQ DERXW WKH ZRUNSLHFH SURSHUWLHV DQG VKDSH
DWWULEXWHV LQLWLDWHV WKH SURFHVV FDOFXODWLRQ E\ H[FKDQJLQJ
LQIRUPDWLRQDWHQWU\ µ,1¶ZLWK WKHGLVFUHWHHYHQWVPLOOLQJ
PRGHO7KHZRUNSLHFH HQWLW\ LWVHOIZDLWV LQ WKH VLQJOH VHUYHU
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XQWLOLWLVUHOHDVHGDWWKHHQGRISURFHVVLQJ%HVLGHVZRUNSLHFH
DWWULEXWHV HJ JHRPHWU\ DQG PDWHULDO DQG SDUDPHWHU DUH
H[FKDQJHGXSRQZKLFKHJDVSHFLILF1&FRGHLVORDGHGDQG
DSDUWDVZHOODVPDFKLQHVSHFLILFPDQXIDFWXUHLVVLPXODWHG

)LJ6WUXFWXUHRIPDFKLQHVWDWHVIRUDD[LVPLOOLQJPDFKLQHWRRO
7KHHYHQWFRQWUROF\FOHLQLWLDWHVDOOSURFHVVHVDQGHYHQWV
7KH VLJQDOV DUH DQDO\]HG DQG HQHUJ\ DQG UHVRXUFH
FRQVXPSWLRQVDUHLQWHJUDWHGRUUHFRUGHGRYHUWLPHDQGVWRUHG
LQ RXWSXW GDWD ILOHV $W WKH HQG WKH FKDQJHG VWDWHV DQG
DWWULEXWHVHJQHZJHRPHWU\PDFKLQHGVWDWHDUHJLYHQWRWKH
ZRUNSLHFHHQWLW\XSRQLWLVUHOHDVHGIRUWKHQH[WSURFHVVDQGD
QHZZRUNSLHFHHQWLW\FDQHQWHUWKLVSURFHVV

)LJ)LUVWOHYHOFDOFXODWLRQVWUXFWXUHRISURFHVVVWDWHVDQGSDUDPHWHUIRUWKH
IDFHPLOOLQJGLVFUHWHHYHQWVPRGHO
$OO HQHUJ\ DQG UHVRXUFH FRQVXPSWLRQV DUH FDOFXODWHG DV
ODLG RXW DQG PHQWLRQHG LQ FKDSWHU  6LQFH WKH D[LV
DFFHOHUDWLRQV LQ UDSLG IHHG PRGH DV VKRZQ LQ )LJ RFFXU
DOZD\VDW WKHLUPD[LPXPYDOXH WKHUHDUH OLWWOHYDULDWLRQVIRU
ZKLFK WKH\DUHFRQVLGHUHGFRQVWDQW IRUVLPSOLFLW\7KH OLQHDU
D[HV DUH FRQVLGHUHG ZLWK D IL[HG DFFHOHUDWLRQ SRZHU RI
3UDSLG[\] : DQG WKH%$[LVZLWK 3UDSLG% :)RU
LGOHQRQUDSLGD[LVPRWLRQDYDOXHRI3LGOHIHHG :LVFKRVHQ
%HFDXVH RI WKH PDWHULDO UHPRYDO WKH IDFH PLOOLQJ PRGHO
FKDQJHV WKH DWWULEXWH ZRUNSLHFH JHRPHWU\ ,Q WKH SUHVHQW
H[DPSOHWKHZRUNSLHFHJHRPHWU\LVGHVFULEHGE\D'FORVHG
FRQWRXUOLQHUHSUHVHQWDWLRQDVVKRZQLQ)LJ


)LJ'UHSUHVHQWDWLRQRIWKHDWWULEXWHJHRPHWU\IRUWKHIDFHPLOOLQJ
RSHUDWLRQ

,I WKH LQLWLDO FURVVVHFWLRQDO ZRUNSLHFH VKDSH ZDV HJ D
VTXDUH EXLOG E\ WKH \= SRLQWV    DQG    KHUH D
F\OLQGULFDO PLOOLQJ FXWWHU ZLWK PP LQ GLDPHWHU PRYHG DW
] PPDORQJWKH[D[LVRIWKHZRUNSLHFHXSRQZKLFKWKH
QHZSRLQWV¶DQG¶ZHUHJHQHUDWHGUHVSHFWLYHO\WKHSRLQWV
DQG  REWDLQHG QHZ FRRUGLQDWHV 7KLV UHSUHVHQWDWLRQ DOORZV
RQO\ OLQHDU D[LVSDUDOOHO SULVPDWLF SDUWV DQG PLOOLQJ RSHUD
WLRQVDWSUHVHQW)RUFXWWLQJHJWKHVORWLQ)LJGDVKHGOLQHV
WKH SRLQWV  WR  ZRXOG EH DGGHG WR WKH FORVHG FRQWRXU OLQH
GHVFULSWLRQDWWKHHQGRIRSHUDWLRQDFFRUGLQJWRWKH1&FRGH
4. Results and discussion 
8VLQJ WKH GHYHORSHG GLVFUHWH HYHQWV PRGHO IRU IDFH
PLOOLQJWKHSRZHUSURILOHWKHHQHUJ\WKHPDFKLQLQJWLPHDQG
WKH WRWDO FRVWV SHU ZRUNSLHFH DUH FDOFXODWHG DV D IXQFWLRQ RI
IHHGSHUWRRWKGHSWKRIFXWDQGIHHGYHORFLW\)LJXUHVKRZV
 SRZHU SURILOHV FRQVLGHULQJ DOO HQHUJ\ FRQVXPLQJ
FRPSRQHQWVDQGSDUWVRI WKHPLOOLQJSURFHVV&RPSDULQJ WKH
FDOFXODWHGSRZHUSURILOHXVLQJ WKHGHYHORSHGPRGHOZLWK WKH
PHDVXUHG SRZHU SURILOH LQ )LJXUH SURYLGHV DQ LGHD RI WKH
LGHDOL]DWLRQRIWKHSRZHUSURILOHGXHWRWKHGHVFULSWLRQE\WKLV
GLVFUHWHHYHQWVDSSURDFK
)RU D JLYHQ PDWHULDO UHPRYDO YROXPH RI PP
UHVSHFWLYHO\ D WRWDO GHSWK RI FXW RI DSWRW  PP DQG RQH
ZRUNSLHFHWKHLQFUHDVHRIWKHIHHGSHUWRRWKLVVKRUWHQLQJWKH
WRWDO SURFHVVLQJ WLPH DV H[SHFWHG 7KH SRZHU VSLNHV LQ WKH
SURILOHVDUHWKHD[HVDFFHOHUDWLRQVZKLFKDUHWKHVDPHIRUWKLV
FRPSDULVRQ 7KH FXWWHU QHHGV WR JR  WLPHV RYHU WKH
ZRUNSLHFH 7KH SRZHU IRU HDFK PLOOLQJ RSHUDWLRQ FKDQJHV
VOLJKWO\ LQ KHLJKW DQG OHQJWK GXH WR WKH IHHG SHU WRRWK
YDULDWLRQ
7KH WRWDOHQHUJ\ LV UHWULHYHGE\ LQWHJUDWLQJ WKHDUHDXQGHU
WKH SRZHU SURILOH FXUYH LH LQWHJUDWLQJ RYHU WLPH )LJXUH
VKRZV WKHFDOFXODWHG WRWDOHQHUJ\YDOXHVIRUDYDULDWLRQRIDS
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DQGYIIRUPLOOLQJWKHPDWHULDOUHPRYDOYROXPHRIPP
RIIHDFKZRUNSLHFH

)LJ&DOFXODWHGSURILOHVRIWKHWRWDOSRZHUIRUDJLYHQIDFHPLOOLQJ
RSHUDWLRQDQGYDU\LQJIHHGSHUWRRWKI]
7KH KLJKHVW WRWDO HQHUJ\ FRQVXPSWLRQ UHVXOWV IRU D VPDOO
IHHGYHORFLW\ LQFRPELQDWLRQZLWKD ORZVSLQGOH VSHHGDQGD
VPDOO GHSWK RI FXW EHFDXVH WKH SURFHVV ODVWV ORQJHU DQG
KHQFH WKH FRQWULEXWLRQ E\ WKH H[WHQGHG EDVLF ORDG HQHUJ\
FDQQRWIXOO\EHFRPSHQVDWHGE\ORZHUVSLQGOHSRZHUQHHGHG
,QFUHDVLQJ WKH GHSWK RI FXW IURPPP WR PP UHGXFHV WKH
QHFHVVDU\ WRWDO HQHUJ\ E\ DERXW  WR  EHFDXVH WKH
FXWWLQJ GLVWDQFH LV RQO\ KDOI DV ORQJ IURP FXWV WR  FXWV
7KH VSLQGOH VSHHG KDV DOVR D VWURQJ LQIOXHQFH RQ WKH HQHUJ\
FRQVXPSWLRQ FI HT DV WKH ILJXUH VKRZV 6LQFH WKH
ZRUNSLHFHDQGWKHIDFHFXWWLQJLVLQSULQFLSOHWKHVDPHIRUDOO
YDULDWLRQV WKH SDUDPHWHU YDULDWLRQV VKRZ IRU WKH PDFKLQLQJ
WLPH TXDOLWDWLYHO\ WKH VDPH GHSHQGHQFLHV )RU WKH PLOOLQJ
RSHUDWLRQVDORQHWKHKLJKHVWHQHUJ\HIILFLHQF\FDQVLPSO\EH
REWDLQHG E\ KLJK VSLQGOH VSHHGV LQ FRPELQDWLRQ ZLWK ODUJH
IHHGSHUWRRWKDQGE\KLJKGHSWKRIFXW
,Q RUGHU WR FRPSDUH WKH LPSDFW RI GLIIHUHQW NLQGV RI
UHVRXUFHVDZHLJKWLQJIDFWRUIRUHDFKUHVRXUFHW\SHLVQHHGHG
ZKLFK UHIOHFWV WKHLU UHODWLYH LPSDFW LQ D UHDVRQDEOH ZD\
$OWKRXJK QRW XQLYHUVDO DQG RQO\ WHPSRUDU\ WR VRPH GHJUHH
UHVRXUFH SULFHV FDQ VHUYH DV ZHLJKWLQJ IDFWRU IRU VXFK DQ
DQDO\VLV7DEOHOLVWVWKHFRQVLGHUHGFRVWIDFWRUVIRULQGXVWULDO
HOHFWULFLW\ WRRO FRVWV IRU 7L$O1FRDWHG +0 LQVHUWV DQG WKH
PDWHULDOUHPRYDORIWKHVWHHOZKLFKUHSUHVHQWVDPDWHULDOORVV
7KHVWHHOIDFWRUUHSUHVHQWVDVPDOOKHUHFRQVWDQWFRQWULEXWLRQ
WRWKHWRWDOFRVWVWKDWLVRILQWHUHVWZKHQFRPSDULQJGLIIHUHQW
PDQXIDFWXULQJ SURFHVVHV IRU PDVV SURGXFWLRQ OLNH IRUPLQJ
YHUVXVFXWWLQJVLQFH WKHPDWHULDO UHPRYDOZRXOGEHGLIIHUHQW
IRUERWKFDVHV
7KH GLDJUDP E LQ ILJXUH VKRZV WKH WRWDO FRVWV SHU XQLW
ZRUNSLHFH IRU WKH PLOOLQJ WDVN DQG WKH SDUDPHWHU YDULDWLRQ
DOUHDG\ GHVFULEHG EHIRUH 7KH FRPELQHG DQDO\VLV RI VHYHUDO
W\SHVRIUHVRXUFHVFDQOHDGWRGLIIHUHQWUHVXOWVDQGSDUDPHWHU
GHSHQGHQFLHVIRUDQRSWLPDOSURFHVVRSHUDWLRQ
7DEOH&RVWIDFWRUVIRUWKHFRQVLGHUHGUHVRXUFHVLQPLOOLQJ
FRVWIDFWRU XQLW YDOXH
HOHFWULFLW\LQGXVWU\ ¼N:K 
FXWWLQJLQVHUW ¼HGJH 
VWHHO ¼NJ 

+LJKPHFKDQLFDOORDGVGXHWRHJDODUJHGHSWKRIFXWDQG
DKLJKIHHGSHUWRRWKZRXOGHOHYDWHWKHWRROZHDUDQGKHQFH
WKHWRROFRVWVEXWKHUHLWVVKRUWHQLQJHIIHFWRQWKHWRWDOFXWWLQJ
GLVWDQFHUHGXFHVWKHWRWDOFRVWVVLJQLILFDQWO\
D
E
)LJD7RWDOPDQXIDFWXULQJWLPHHQHUJ\FRQVXPSWLRQDQGEFRVWVDVD
IXQFWLRQRISURFHVVSDUDPHWHUIRUIDFHPLOOLQJ
,QFUHDVLQJWKHIHHGSHUWRRWKUHVXOWVLQDVOLJKWUHGXFWLRQRI
WRWDOFRVWV$IWHU ORZHUDSYDOXHV WKH LQFUHDVHRI WKH VSLQGOH
VSHHG KDV WKH VHFRQG ODUJHVW LQIOXHQFH RQ ULVLQJ WRWDO FRVWV
ZKLFKLVGXHWRZHDUHIIHFWV,QFRPSDULVRQWRWKHWRROFRVWV
WKHHQHUJ\FRVWVKDYHDOHVVVWURQJLPSDFWLQWKLVDQDO\VLV
5. Conclusions 
)RUDIOH[LEOHPDQXIDFWXULQJSURJUDPGHSHQGHQWGHVLJQRI
HIILFLHQWPDQXIDFWXULQJSURFHVVHVDVLPSOHEXWSDUDPHWHUL]HG
GHVFULSWLRQ RI WKH FRQVLGHUHG SURFHVVHV UHVSHFWLYHO\
RSHUDWLRQV E\ WKH PDFKLQH WRROV LV UHTXLUHG $Q DSSURDFK
XVLQJ GLVFUHWH HYHQWV PRGHOLQJ SURYLGHV WKH IOH[LELOLW\ WR
FRQVLGHU VXIILFLHQW GHWDLOV IRU PDQXIDFWXULQJ SURFHVV
GHVFULSWLRQDVZHOODVIRUPRUHFRPSOH[SURGXFWLRQV\VWHPVLQ
JHQHUDO 'LIIHUHQW W\SHV RI UHVRXUFH FRQVXPSWLRQV FDQ EH
FRQVLGHUHG LQ VLQJOHSURFHVVPRGHOVZKLFK FDQEH FRPELQHG
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WR PDQXIDFWXULQJ FKDLQV WR DOORZ IRU DOWHUQDWLYH FKDLQ
DQDO\VLV 7KH PRGXODU FKDUDFWHU DOORZV IRU D VWHSZLVH LH
SURFHVVE\SURFHVVH[WHQVLRQWRZDUGVDFRPSOHWHSURGXFWLRQ
V\VWHPGHVFULSWLRQ
7KH SUHYLRXVO\ GHYHORSHGPRGHO EDVLV KDV EHHQ H[WHQGHG
IURPSURFHVVHVIRUURWDWLRQV\PPHWULFSDUWVWRSULVPDWLFSDUWV
UHVSHFWLYHO\ RSHUDWLRQV FRQVLGHULQJ PLOOLQJ )XUWKHU WKH
SURFHVV GHVFULSWLRQ LV EDVHG RQ ZHOO NQRZQ DQDO\WLFDO
HQJLQHHULQJ DSSURDFKHV DQG SK\VLFDO SULQFLSOHV ZKLFK DOORZ
IRUWDNLQJDGYDQWDJHRIWKHYDVWHQJLQHHULQJGDWDDYDLODEOHLQ
OLWHUDWXUHDQGGDWDEDVHV
7KHGHYHORSHGGLVFUHWHHYHQWVPRGHOFRQVLGHUVRSHUDWLRQ
GHSHQGHQW SURFHVV VWDWHV RQ EDVLV RI 1&FRGHV DQG KHQFH
ORDGGHSHQGHG UHVRXUFH YDULDWLRQV DV ZHOO DV ZRUNSLHFH
SURSHUWLHVDQGDWWULEXWHFKDQJHV HJVKDSHVL]HZHLJKWDQG
KDUGQHVV LQ RUGHU WR SURYLGH PHDQV IRU SODQQLQJ DQG
UHVFKHGXOLQJ QRW RQO\ RI D VLQJOH SDUW EXW RI D SURGXFW
SRUWIROLR,WDOORZVIRUFDOFXODWLQJWKHSRZHUSURILOHUHVRXUFH
FRQVXPSWLRQVDOVR WLPHGHSHQGHQW WKHPDFKLQLQJ WLPHDQG
WKH WRWDO FRVWV SHU ZRUNSLHFH DV D IXQFWLRQ RI SURFHVV
SDUDPHWHUVLQIDFHPLOOLQJ
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